With the rise in the number of applications using geospatial data and the number of GIS applications, the number of people who come into contact with geospatial data is increasing, too. Despite many attempts to introduce standardized formats in this area, they are often ignored by software developers as well as the users themselves for various reasons. When creating or exporting geographical data, users choose the format with regard to the software they use, or for which the data are intended. Users then have to deal with conversion of data formats, and considering its use also the issue of their transformation to the appropriate spatial reference system. This work presents findings related to this issue, obtained from several years of operation of an online service for the conversion and transformation of geographical data which is heavily used by users from all over the world. It presents statistics of individual formats use and spatial reference systems of geospatial data use from the point of view of both input and output data. The results, besides other things, are shown in the form of a pie chart map in which various needs of users from a variety of countries can be seen. The results of this work can be used especially by developers of applications which use geospatial data; it will allow them to quickly understand current user needs.
Introduction
Since the end of the 20th century, we have observed a rapid increase in systems and software using geospatial data. In recent years, this is also due to freely available open-source GIS software and tools in particular [19] , of which more and more geospatial data and map applications are available via World Wide Web [1] . And the num- * E-mail: antonin.orlik@vsb.cz † E-mail: lucie.orlikova@vsb.cz ber of people who get in touch with GIS or use geospatial data for their work or hobbies is naturally growing, too. Apart from GIS specialists and their end users, there is a huge number of people who come into contact with such data and systems from the perspective of a layman; for example, while using navigation in the car, during leisuretime activities with GPS devices, when implementing various building plans, or during statistical analysis. These sorts of users, for various reasons, then need to work with the acquired data, visualize or evaluate them. Nevertheless, because there is available a huge number of GIS software [4] and applications, all of which can use differ-ent input and output formats of geospatial data [2, 3] , users have to deal with both the conversion of data into the appropriate format and, in many cases, also their transformation into another spatial reference system. They therefore look for an appropriate tool for the required conversion or transformation [24] [25] [26] .
There are not many suitable, freely available tools for this purpose and they usually do not support a sufficient number of data formats or the possibility to choose a spatial reference system, or they are not user friendly. This was the motivation for creating a freely available on-line GIS data converter in 2010 -MyGeoData Converter [5] . With hindsight, the converter came into the awareness of many users from all over the world and it is heavily used, often listed in various publications, such as [6] [7] [8] [9] . Despite the fact that the converter in this version does not by far support all geospatial data formats, it still seems to be the only such massively visited on-line converter with such a large number of input and output formats, allowing transformation to other spatial reference systems. Since the end of 2011, statistics on the use of data formats have been recorded as well as statistics on the spatial reference systems used as input or output for the converter. The data recorded are in such amount that they are sufficient for carrying out an analysis in order to obtain a comprehensive overview of individual formats and spatial reference system usage on a global scale. The findings of these analyses are the subject of the following chapters.
GIS Data Converter
MyGeoData Converter was put into operation in 2010. Over the last 2 years (as of November 2013) the application has been searched for and displayed by over 80,000 unique visitors from 209 countries, of which at least 25,000 visitors actively used the application. These users made 173,000 conversions and transformations of their geospatial data, of which 161,000 were vector and 12,000 raster data. During that time, 907 GB of data were transferred, of which 673 GB were vector and 234 GB raster data. MyGeoData Converter is implemented using the Python API of the GDAL/OGR [21] library. The server side is thus designed as a Python 2.6 CGI application and generates the client application HTML code, which is then displayed to users via their Web browsers. Data transmissions between the client application and the application server are implemented using JavaScript's AJAX technology. Debian Linux 6 -Squeeze OS running Apache HTTP Server 2.2 was used as the web server. The whole system is hosted on a virtual server with two dedicated threads of the Xeon 1.80 GHz processor, 2GB of RAM and a 30GB disk. During the two researched years, the converter had constantly offered the same functionality and the same number of input and output data formats. 22 input and 8 output formats for vector data and 85 input and 41 output formats for raster data were available. Due to the incomparably greater interest in vector formats, the results of the analyses are focused primarily on the vector file formats.
Results
Statistics were processed in the form of a database and the following information was recorded for every user during every conversion or transformation: the data format of the input files, the requested output format, the spatial reference system of the input files, the requested output spatial reference system, the size of the input data, the date, time, web browser, its version and the user's IP address. Because of the IP address, it was possible with some accuracy to locate the behaviour of users in individual countries and aggregate the data to them. However, due to the well-known fact that a public IP may be shared by multiple PCs within the internal network of an organisation, all users in such an organisation will appear as a single user in the resulting statistical data. That is why the actual number of users may be higher. One possible workaround would be to identify users by their generated Session ID (SID) strings -i.e. a code unique for every visitor which is stored using cookies in the user's web browser. The use of a user's SID as an identifier could however lead to the opposite effect -the number of detected users could be higher than it really is. Cookies are bound to a particular browser, therefore, if a user used a different browser or disabled cookies altogether, multiple cookies would be generated for them. The use of IP addresses is therefore more meaningful in this context. This kind of statistical evaluation of the converter's usage was originally, i.e. during its implementation, not intended; all data used for the statistics come from text LOG files used for application debugging. For this reason, a LOG files parser was created which imports all the above data into a database structure. Subsequently, data were cleaned of undesirable duplicities -particularly cases where a single user performed the same conversion multiple times in a row were eliminated -e.g. with only the optional output format parameter set differently. These parameters were, however, not recorded in the LOG files and represented insignificant duplicities for the following evaluation. Considering the objectivity of the analyses, not the number of conversions but the number of users who performed them was chosen as a key output parameter. Otherwise, the results could be distorted by a minority of users who convert a great number of files, especially in countries with fewer users.
Vector Data
From the graph in Figure 3 it is clear that the largest number of users comes into contact with data in the ESRI Shapefile format and the same format is most frequently chosen as their preferred (output) format, as shown in the graph in Figure 4 (these two graphs also include conversions without any format change where only transformation of the spatial reference system occurred). It is not surprising that the KML format follows. Nevertheless, the choice of the GeoJSON format as an output format is highly unexpected, as it appears to be the third most popular format of the eight listed output formats. This format also seems to be very promising in the graph in Figure 5 , which shows the trend in popularity of the format choice; its popularity has increased by almost 10% over the past 2 years. MapInfo, on the contrary, experienced a 5% decline in popularity and the KML format experienced a slight decline, too. It also seems that there is a growing demand for the CSV format, which makes it is possible to easily import attributed data to spreadsheet processors (such as MS Excel). The graph in Figure 6 then lists only those users who requested the format conversion (regardless of the transformation requirement into another spatial reference system) -unlike graph in Figure 4 , this graph does not include conversions where the user only transformed data into another system of coordinates, but kept the same output format as the input format. Once again, it is surprising how many users need to work with the data in the GeoJSON format. The difference between the number of users who convert their data from the ESRI Shapefile or KML format to the GeoJSON format is worth noticing. The pie chart map in Figure 7 shows the spatial distribution of the popularity of individual vector formats (the format choice as an output) within individual countries in Europe. The needs of users are mostly similar in Europe, except for Bulgaria, where users are enormously interested in the GPX format, and Ukraine, with its higher percentage of the MapInfo format. Generally, users from European Union countries need geospatial data conversions and transformations more often than users from other countries (adjustment to population size would give an objective evaluation). The MapInfo format's much larger share can be observed on the American continent (Figure 8 ) in Central and South America -especially in Honduras, but also in Brazil. The most users come from the United States, which is not so significant if the population of the country is considered. When population sizes are considered, Estonia, the Czech Republic, Australia and New Zealand become top countries while the United States are in 27th position. In Asia (Figure 9 ), the MapInfo format overwhelmingly prevails in Kazakhstan. The GeoJSON format enjoys great support in China and Singapore. A much higher number of users could be expected in China due to its large population -we can only speculate why the actual number is so small -digital geospatial data might not be so commonly used there, the language barrier is another possibility (poor or no knowledge of English, in which the MyGeoData Converter is provided) or for completely different reasons. The numbers of users in the maps above are therefore specified in absolute values. However, the ratio of users performing format conversions to the total population of a country might be an interesting indicator -or even better, the ratio to the number of Internet users in the country [20] , which is a requirement for performing conversions using the MyGeoData Converter. This indicator is shown in the last column of Tab. 1, which lists 30 countries ordered by the proportions of these users. We can assume that people in countries with a high proportion of MyGeoData users are more likely to encounter geospatial data than in other countries and to resolve issues with converting them to other formats or transforming them into other spatial systems. For example, Estonia, 2nd position in the table, is known to be very progressive in terms of Internet use and the digitisation of their government administration, which involves geospatial datawhich results in a greater need for conversions and transformations. I am not aware of the situation in Honduras, but, due to the small proportion of Internet users to the total population and due to conversions almost exclusively into the MapInfo format, it can be assumed that MapInfo software is used either in government administration or universities. An interesting fact is that over 90% of these MapInfo conversions use the KML format as their input format (this is not mentioned in the article). Of these countries, Bulgaria also has a rather low percentage of Internet users -the map in Fig. 7 shows the major need for conversions into the GPX format (80% from the ESRI Shapefile format) -this could e.g. indicate the presence of a group with specific interests, probably GPS device users in this case. All other countries have a high proportion of Internet users and we can therefore expect a higher degree of government digitisation and thus also a greater need for conversions and transformations of geospatial data files. It is no coincidence that most of these countries are members of the European Union, which specified the building of Spatial Data Infrastructure (SDI) as one of the longterm goals as part of the INSPIRE initiative [23] . In general, countries with a high proportion of Internet users tend to perform more conversions and transformationswhich, however, does not apply to e.g. Japan, Taiwan and the United Arab Emirates, which have more than 75% of Internet users, yet appear at the bottom of the converter visits chart.
Raster Data
As there is much smaller demand for conversions and transformations of raster data, only the graphs in had their data and what formats they required. Conversions were most frequently made between the GeoTIFF and Arc/Info ASCII GRID formats.
Spatial Reference Systems
WGS 84 (EPSG:4326) and Spherical Mercator (900913, now EPSG:3857) spatial reference systems are among the most frequently used systems by the converter; mutual transformations between these two systems occurred most frequently. Users also often converted data into different UTM zones of the WGS 84 system. Users then converted an almost insignificant share from or into their national spatial reference system using one of the above-mentioned systems. The graph in Figure 12 shows several of the most popular spatial reference systems of users who made the transformation into a different spatial reference systemthey made up 47%.
A number of important numbering changes regarding spatial system identification using SRID (Spatial Reference ID) has occurred in recent years. There are several authorities which issue codes for the spatial systems de- fined by them, including mainly the EPSG, ESRI and OSGeo authorities. The authority code is therefore an integral part of all spatial system identification codese.g. EPSG:4326 -which is the WGS 84 coordinate system code. Many spatial systems originally defined by authorities other than EPSG are now defined by EPSG, and even within this authority, many numbering changes have occurred. Among the most commonly used codes, a notable example is the code 900913, formerly known as Google World Mercator (the digits 900913 should evoke the letters "gOOglE"), which is now referred to as EPSG:3857. One example of a national spatial system affected is the code ESRI:102067 used for the S-JTSK/Krovak East North projection, which became EPSG:5514; this change affects mainly users in the Czech Republic. There are plenty of changes like these -a complete database of spatial system definitions and their respective EPSG authority codes is available for download [22] .
Discussion
The preference for traditional geospatial data formats is not surprising, or is the use of the KML format, especially for popular applications from Google and GPS navigation systems. The significant predominance of the ESRI Shapefile format corresponds with the traditional major share of ESRI on the global GIS market [16] [17] [18] . The increasing trend of the GeoJSON and CSV formats, whose common features are textual representation, simplicity, good readability, small size and simple usability in the majority of programming languages, is definitely food for thought. Many of these very features could be the basis for successfully developing new data formats. One such format is the promising new TopoJSON, which is built on the GeoJSON format, but unlike it, it preserves the spatial topology of data [13] . Even in comparison with the very space-saving GeoJSON format, it is able to save around 80 % of the file size [14] . The tricks that make the huge saving in file size possible are to me one risk on the way to the success of this format. These tricks are (except for common borders between polygons) primarily coordinate scaling, translation and their value rounding, resulting in the elimination of unnecessarily long numbers in coordinates values, from which arises the need for a primitive but certain transformation. Handling of objects may also require the use of certain methods of own or external utilities. The transformation of data into this format is difficult as well -desktop applications for transformations are virtually unavailable to common users. However, I believe that the number of utilities and libraries for handling this format will grow, and its support and popularity will rise, as well. The GDAL/OGR library will support this format for reading from version 2.0 [15] . Even the new version of the MyGeoData Converter [5] supports this format not only for reading but also for writing; users may save their data from any supported vector format to the TopoJSON format and vice versa.
The reason behind the popularity of GeoTIFF in raster formats is most likely its versatility. Although it tends to be more complicated than other raster image formats, it is also flexible and adaptive. It can store various numeric types up to 256 bands, interprets images using the RGB/RGBA bands as well as indexed colours, offers lossy JPEG compression and a wide range of lossless methods such as LZW or RLE. It can also create tiles and pyramid layers, write metadata as TAGs for a whole file and for individual bands. It supports files larger than 4GB (the maximum image size is 4294967295 x 4294967295 pixels). But most importantly, it can save a georeferenced image -either using the tiepoint and pixel size, a transformation matrix, or a list of GCP. In contrast, the Arc/Info ASCII Grid format is much less versatile, but it is saved as text and has a simple structure which enables it to be easily imported (and exported) into other applications. It is therefore often used as an interchange format. The JPEG and PNG formats are primarily used for visual image interpretation -JPEG for RGB bands and PNG usually for images which use indexed colours (but also for RGB/RGBA bands).
Conclusion
The results of the analyses show that 93% of users need to carry out conversions with vector data and only 7% with raster data. This may either indicate that users are satisfied with their raster data as they are or that raster formats are significantly less frequently used among GIS users in comparison with vector data, to which, considering the advantages of vector formats [10, 11] , I personally incline. Unfortunately, there is also a certain degree of bias, since there is no guarantee that the same converter was found by the same proportion of internet users who needed to convert vector data as users who needed to convert raster data, which is, besides other things, influenced by the density of the number of key words on a page, which is rather in favour of vector data. The volume of raster data is considerably higher than for vector data and it may be difficult or impossible for a user to transfer such volume of data via the Internet network.
The analyses further indicate that users prefer the traditional vector format -ESRI Shapefile, whereas the promising standardized candidate -the GML format -is well below the average popularity. What is more in demand is the KML format, a standardized native format mainly used in Google applications such as Google Earth and so on. The rapidly growing popularity of the GeoJSON format could initially be the result of its simple structure, small size and increasing number of mainly web applications using this format [12] . Thanks to its simple usability in most well-known programming languages, this format is especially popular among developers.
However, because of the converter's limited support for data formats, the analyses do not include all formats, which could partly lead to changes in the popularity of individual formats: for example, ESRI FileGDB, ESRI Personal Geodatabase, Geomedia .mdb, direct connection to database formats such as PostGIS and others.
There may also be a certain number of imbalances in the analyses, in terms of user distribution for individual countries. This may be caused, besides other things, by a language barrier as the converter is offered in both English and Czech. And countries with these native languages dominate the ranking of users by country.
